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A iSTRAýCT

"I LkAIITUAATION OF VEST IIUI.AR NYSTAGMUS LN T"2 CAT DURLNG

"SUSTAhITED AROUSAL .PKODUCID BY d-AMP`7'-JTAMINE

OBJECT

These observations were designed to deternmne .habituation nf
ocular nystagmus in total darkness wouid occur when. cats were main-

tained in a continuous state of arousal with d-parnpipet.._:n:i sulfate.

RFýULTS

Arinphetamrioc served to inc-ease nystaginic ou:7.. of the drug
group bv nearly 60 teor cent over that of the control gr•,up, but the drug
group showed a tiabituation that was equal hi niagnitude to that. of the

z.ontrol group.

"CONCLUSIONS

A loss of nystagmic output does occur in cat that cannot. be at-

tributed srimply to a loss of generalized arousal. Other factors must

be of i r.portance to the habituation process. Two fac:cýrs that have
been proposed, a) learning, apd b) fatigue of sensor-.- znd neural

"structures, are discussed.
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HABITUATION OF VESTIBULAP. NYSTAGMUS IN THE CAT DURiNG

SUSTAINED AROUSAL PRODUCED BY d-AMPHLETAMINE

I. INTRODUCTION

Nystagnius is reduced by repeatedly rotating an animal. This re-
duction of the response has been termed 'hiabituation' (1). and is a

common finding for ail birds and mammals that have been studied.

Alertness is one important factor that determines the magnitude

of the ocular nystagmic reaction (3. 5, 6. 22), and habituation has been
attributed entirely to a reduction of ale.rtness (28). in a previous

experiment from this laboratory (7) it was dete.'mined.for cat that the

arousal reaction precipitated only a partial and temporary recovery of
riysta7nic ou~put. Further, nystagznus still habituated under conditions

in which arousal was mainLained by frequent cutaneous electric shocks,
and it was concluded that arousal was only one of several variables

responsible for the reduction of nystagmnus.

It was found that the alerting shocks had to be administered at a
greater frequency and at increasing intensity levels in order to insure

a flat, desynchronized electroenceuhalographic (EEG) pattern. In other

words, the cat habituated to the shocks as well, a phenomenon that has
been intensively studied with auditory stimuli (25). This habituation

to the shocks was a shortcoming of the earlier experiment. since the
S' maintenian~ce of tbhe arousal depended upon the astuteness of the experi-

eenter in assessing the EEG and appropriately manipulating the stimu-

lating shocks.

"The present experiment is intended to complement the earlier

results by controlling arousal with a drug. 1 It has been shown (4) that
• ' ":-"a cat is easily alerted both behaviorially and electrically after a dose

of 1 mg/kg body weight of d-amphetamine, and as the dosage is in-

creased, a continuous arousal is manifested. This drug promised to
"be of great value in maintaining a continuous arousal without the com-

S-plications of habituation to auxiliary alerting stimuli as in the previous

experiment. In this experiment, a group of animals received d-

amphetamine injections and was compared to a group of uitreated

control animals on an identical series of angular accelerations. All
testing was performed in total darkness.

1The author is indebted to Dr. Seth Sharpless, Albert Einstein College

of Medicine, for suggesting this method of controlling arousal, and to

Captain Wayne 0. Evans, US Army Medical Research Laboratory, for

advise on establishing the dosage and on other critical details.
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U. M ETHOD

A!maratus. The turntable was 2. 4 meters in dianeter and was
-. "eqi:ed with suitable feedback circuitry to maintain the required accel-
eratinn programs (13). The cats wer• restrained by a method developed

by Dr. Cesar Fernandez of Lhe Unive sity of Chicago (17). Under Nern-
butal anesthesia, a snia"l hole was drilled in each canine tooth (Fig. 1).
Scveral days 1.Lter. and just prior to testing, the cat was wrapped snuggly
in cloth and fitted into a rablAt box. Number 8 music wire (piano wire)
was then strung through the holes ancd drawn to a high tension in the
special vise arrangement shown in the figure. This technique assures

- "• .~ that tCe head will be firmly fixed, a nvcessary procedure to prevent in-
trusion of the disturbing Coriolis phenoumena (14).

It should be added that this method is far superior to the casting

technique described earlier (8), in that it fitb all cats easily and with little
preparation. The teeth rarely break, do not decay. and most important.
the cat shows no discomfort. Catii, in the holder, sometimes sleep if U1n-
disturbed.

Each cat was mounted on the turntable with the head over the axis
of rotation in a light-proof, %entilated and electrically shielded en-
closure that has been used in previous studies (7). Needle electrodes
were inserted at the outer canthi to record cyc-movements by the
electro-oculo-graphic (EOG) technique (21). An additional pair ot
electrodes was ir.serted in skin on the crown, straddling the midlii.e,
to monitor the EEG. The ground connection was -made to the wire strung
"through the teeth. EOG potentials were amplified with a 1. 4 sec RC time
constant and all potentials recorded on an Offner type T ink-writing
electroencephalograph.

Subjects. The control and drug groups consisted of ten mature cats
'"ieaechroanimpalog te riagp ruheeie.nitrprtnaijcino
,'.•-':•" 'each.

Procedure. The two groups were identically treated except that• ,.•each anfimal in the drug group received an interperitoneal injection of

d-amphetamnine sulfate (3 mg/kg body weight) in saline solution 60 to 90
-minutes prior to the first trial.

The testing procedure started with a period of 10 min in which the
cat was maintained quietly in total darkness. The turntable was then
set at a clockwise base speed of I RPM by means of a brief and sub-
threshold acceleration. A series of acceleration trials followed. A
trial commenced with a 4. 5*/sec2 acceleration of 14. 9 sec duration

- ,A.' followed by a 10 sec period of constant velocity. The turntable was then
decelerated to the base speed of 1 RPM with a subthreshold deceleration

2
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"--. Fig. 1. Restraint method developed by Henriksson, Fernandez and
(2-'•,',Kohut (17). Several days prior to testing, holes were drilled through
1•" the canine teeth while the animal was suitably anesthetized. Just prior
[-•.•,•. ",to testing, the wire was passed through the holes and drawn taut inthis

.*, vise arrangement. In the insert, a gentle retraction of the Lip reveals
';'.""'."the wire and tooth det-ail.
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of . 28"/sec2 . The deceleration required 4 min, 3 sec. Shortly after

the 1 RPM base speed was attained, the siucreeding trial was comn.menced.
Acceleration trials were therefore spaced at 4 to i min intervals. Each
cat received a: series of 12 trials and was maintained in total darkness

throughout the testing period.

The EEG was monitored for all cats. The animals with d-amphet-
amine always display-ed a fast low vol-tage EEC containing a great deal
of muscle activity. The control animals, on the other lh.nd, would show
some slower activity if they were left undisturbed. The e.,qperimenter

alerted a control cat by knocking sharply on the rmetal, enclosure when-
ever the EEG in,4icated slo~w wave activity-

IIl. RESU LTS

Ln Figure 2 are typical examples of nystagmus from a control
animal and from one under the influence of d-an phetaniine. The ex-
arnples are from the i2th and final trial of the experiment. Quantitatively
there are more nystagmic beats ind a much longer duration for the d-
amphetamine animal; qualitatively, the drug animal also shows sharper

or "crisner" beats than does the control ardnimal.

The recordings were treated as in an earlier paper (7). The slow-

phase excursions for the entire period of the primary nystagmus were

cumulated and converted into millivolts for each cat for each trial. The
secondary nystagmus was not scored.

In Figure 3. page 6, the averages of the two groups of animals
are plotted. The individual data from all animals may be found in the

Appendix. The d-amphetamine group always showed substantially more
nystagmic output than the control group throughout the series of trials.

Table 1. page 7. summarizes the variance analysis of the graphed

data in Figure 3. The analysis follows that described by Edwards (10)
for use with repeated measures of the same subjects. The test for sig-
nificance between the two iziethods (control vs. drug groups) employs the
mean-square between cats in the same group as the error term. The
difference between the group-s was found to be significant at the . 05
level. The liooled cats x tr-als interaction mean square was the error
term for testing the between trials variance and the trials x methods
interaction. !t was clearly shown that the trials do result in a signifi-
cant difference at the 001 level. The trials x methods interaction was

not significant.
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TABLE I

VARIANCE. ANALYSIS OF DATA GRAPIII) IN FIGURE I

&,ur 1 V~rtAt~at S,- .f 'S.v.. - dt M~ar. S.iua V

Del'rrn snrlh. d.! drug vt.
Co.rý,, ti. 04 5. 78 1 {i. 04S. isf 13-j 95*

Brt'•'c-•. tiat• in .*n- grup 10, 1S4. 1% IS 574b. q|

TOI.. b,•--e. n t:., 16.430.13 19

3lw, rn itlIs: 1- 1- 1) 5. 5 I4 459.63 20. 6h0

Ii;trrat,,sc Li ?r;•l. x *i•-'h.h A, • 20.7•, II 20. 07--

.' ,. l.,,: pi-d ii.' ii. i ,1 4.4C'0. iU.! 198 2L.ZZ

T, :..,I 'v,:zh':r C..tý. 9, t-77. 14. 220

T.,tal S, 107.47 .139

.0OUsI ".-I~~:.i~

IV. DISCUSSION

The most significant aspect of these data is that the animals which
were maintained in sustained arousal showed a decrementin response
with repeated testing. This is in agreement with the data of a previous
experiment (7) in which sensory methods of arousal control were em-
ployed. Clearly, nystagmic output is dependent only in part upon arousal
level, and a reduction of the latter does not along account for all of the
vestibular response decrement obtained by repeated tests.

The arousal variable is of a generalized nature. An alex ing orI attention which is specific to the vestibular stimulus is not required.
The earlier experiment with cat (7) showed that either auditory stimuli
or cutaneuus electric shocks would serve to increase nystagmic output.
Further, experiments with man have clearly demonstrated that the var-
iable may be defined in terms o& degree of mental effort. Continuous,
silent mental arithmetic has been shown to be more efficacious in pro-
ducing a nystagmic response than attending to rotary sensations and
signalling subjective events (5). Parenthetically. electroencephalographic
correlates of mental effort and nystagmic output were not found in man (6).

"This experiment does not definitely demonstrate that d-amphetamine
acts only by virtue of assuring a continuous desynchronized EEG and a
behavioral arousal. This drug may have other and perhaps specific effects
on vestibular function. Further work with other stimulants is needed.

• ~~~~~~~~~... . . . . . .......... '......... °-..".- . "v-.". ".:""""..."



The conclusion appears to hold that alerting or arousal is only re-

sponsible for part of the loss of nystagmus with repeated testing. Other

factors must be of importance. Prominent among the proposed hypothe-
ses is that which invokes a fatigue or at least some change in those nerve
cells associated with vestibular function. Hamberger and Ilyd6n (15,16)
have determined increlses in nucleoproteins in the vestibular ganglion and

Deiters' nucleus following mode 'ate treatments of angular accelerations
of the rabbit. Although the distribution of changes is appropriate, their
short time course (48 hr) does not correlate well with the long duration
characterisLic of habituation. There is. as yet, no clear evidence for a
fatigue explanation and further work is required with sophisticated and
well-controlled vestibular experiments. In particular, it would be of

imn-or~ance to determine if these changes would occur in anesthetized
animals in which habituation is known not to occur (11, 18..

There is a third hypotheses for habituation of ny-stagmus which
implicates a learning or functional alteration. When vision is permitted
during rotation there is a systematic decline of nystagmus with each
stimulation. Dodge (9) and Wcndt (27) have examined this decline in
detail and have characterized the loss of vestibular nystagruus as the
resolution of the conflict between competing visual and vestibular inputs,
in which the visual input gains'ascendency in determining the spatial
orientation. A loss of nystagmic output with training for certain ocý
cupations is a common finding; for example in pilots (2). and skaters (20).

Thorpe (26) has described habituation as a specific form of learning
in which the intensity of a reflex is reduced if the reflex is repeatedly
elicited but not followed by some significant consequence for the organ-
ism. Hood and Pfaltz (18) have likened nystagmus habituation to this
type of learning. Of special relevance to nystagmus habituation is that
a competition between sensory inputs is not a requirement. There is
some evidence from electrophysiology indicating the possible neural
correlates underlying this form of habituation. In particular, an evoke4!
potential also declines in amplitude if elicited over many occasions in
which the evoking stimulus is not paired with an unconditioned stimulus
(see recent review by J0cn, 19). The precise neural mechanisms that
might underlie vestibular habituation are a matter for speculation.
Perhaps the vestibular efferents (23. 24) play a role similar to that impli-
cated for the auditory efferents in audition (12).'

V. SUMMARY

The habituation of nystagmus in total darkness was examined for
two groups of cats. One group was maintained in a continuous arousal
with d-amphetamine sulfate and compared to the second group of

8
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untreated controls. The drug group displayed nystagmus ,f nearly 60

per cent greatex outl., it than the controls but showed the same magnitude
of habituation. Th-z data of this experiment confirm the earlier ob-.
servations. A reduction of arousal is only one variable responsible for
a reduction of rnystagmus with repeat-.d testing, and nystagrnus still

habituates even when a high level of arousal Is maintainaed. Other
possible responsible factors are discussed.

VI. REFERENCES

1. Abels, 11. Uber Nachempfifidungen im Gebiete des kinisthe-
tischen und statischen Sinnes. Zeit. f. Psychol. Physiol.

Sinnesorg. 43: 268 and 374, 1906.

2. Aschan, G. Response to rotary stimuli in fighter pilots.
Acta wto-laryngol. Suppl. 116, 24, 1954.

3. Bach. L. Ueber kiinstlich erzeugten Nystagmus bei normalen
Individuen und be, Taubsturnmen. Arch. f., Augenh. 30: 10,
1894.

4. Bradley, P. B. The central action of certain drugs in re-
lation to the reticular formation of the brain. Chap. 5 in

11. Hi. Japser, et al, Eds. , Reticular Formation of the Brain.

Boston: Little. Brown ard Co., 1958.

5. Collins, W. E. Further studies of the effects of mental set
upon vestibular nystagmus. USAMRL ReportNo. 443, Ft

Knox, Ky.. 1961.

6. Collins, W. E., G. II. Crampton, and J. B. Posner. Effects
of mental activity upon vestibular nystagmus and the electro-
encephalogram. USAMRL Report No. 439. Ft Knox, Ky..
1960, and Nactre, 190: 194. 1961.

7. Crampton, G. H. and W. J. Schwarn. Effects of arousal re-
action on nystagmus habituation in the cat. USAMRL Report
No. 434. Ft Knox, m:y., 19"), ,.-.d Am. J. Physiol. 200: 29,
1961.

8. Crampton, G. H., W. J. Schwam and S. Warburton. Technical
note: A method for rigid restraint of unanesthetized cat.

USAMRL Report No. 416, Ft Knox, Ky., 1960.

9

.. . . .. . ......-. . ......... . ..... .- . .. ,::•

:~ ~..- ..' "".- •".. .-. .::-'.....: .:..:.'-. . ........ :.:.. . .. :. :........-. . . .. ., .



9. Dodge. R. Adequacy of reflex compensatory eye-moveinents

including the effects of neural rivalry and competition. J.

Ex-). Psychol. 6: 16'). 1923.

10. Edwards, A. L. Experiniental Design in Psychological

Research, New York: Rinehart, 1950.

11. Fearing. F. and 0. H. Muwrer. The effect of general an-

esthesia upon the experimental reduction of vestibular nystag-

mus. J. Gen. Psychol. 11: 133. 1934.

12. Galanmbos, R. Suppression of auditory nerve activity by

stimulation of efferent fibers to the cochlea. J. Neurophysiol.
19: 424. 1956.

13. Guedry. F. E. and 11. Kalter. Description of huuman rotation
device. USAMNIL Rerort No. 2-2. Ft Knox, Ky.. 1956.

14-. Guedry, F. E. and E. K. Montague. Relationship between
magnitudes of vestihuar. reactions and effective Coriolis
couples in the senicircular canal system. USAMIML. Report
No. 456, Ft Knox. Ky.. 1960.

15. Harnberger, C. -A. and 11. 1!yden. Production of nucleoproteins
in the vestibular ganglion. Acta oto-laryngol. Suppl. 75. 53,
1949.

16. Iamberger. C. -A. and li. flyden. Transneural chemical
changes in Deiters' nucleus. Acta oto-laryngol. Suxppl. 75,
82, 1949.

17. flenriksson, N. G., C. Fernandez and R. 1. Kohut. The
caloric test in cat. Acta oto-laryngol. 53: 21, 1961.

18. Jl'-od, J. D. and C. R. Pfaltz. Observations apon the effects
"1f repeated stimulation upon rotational and caloric nystagmus.
J. Physiol. (London), 124: 130, 1954.

19. John, E. R. Hfigh nervous functions: Brain functions and
learning. Annual Review of Physiol.. 23: 451. 1961.

20. McCabe, B. Vestibular suppression in figure skaters. Am.
Acad. Ophthalmol. Otolaryngol. 64: 264. 196J.

10



21. Ma g. E. Development of electro-oculography. Arch.

Oplk.halmol. 45: 169, 1951.

22. Mowrer, 0. H. Inf'luence of "excitement" on the duration
of post-rotational nystagnius. Acta oto-laryngol. 19: 46,

19)34.

23, Petroff, A. E. An experimental investigation of the origin

of efferent fiber projections to the vestibular neuro-epithelium.
Anat. Rec. 121: 352, 1935.

24. Rasn~ussen, G. L. and R. Gacek. Concerning the question

of an e4fferent fiber conmponient of the vestibular n'rve of the

cat. Anat. Rec. 130: 361, 1958.

25. Sharpless, S. and i1. Jasper. Habituation of the arousal
reactiQn. Drain, 79: 655, 1956.

26. Thorpe, W. H. The concepts of learning and their relation

to those of instinct. Symposium of the Society for Experi-

mental Biology, 4: 387, 1950.

27. Wendt, G. R. An interpretation of inhibition of conditioned

reflexes as compe.tition between reaction systems.. Psychol.

Rev. 43: 258. 1936.

.?.8. Wendt, G. R. Vestibular.functions. Chap. 31 n&S. S.
Stevens, Ed. Handbook of Experimental Psychology, New

York: Wiley, 1951.

•'.'.,-~ ~.'.-.- ..'..... ... ...... .. "- ..."..".'." .. .. '. -"... ... " . . . -- -'- " " " • " " ". .. " " "



1

I

I
APENDDC

I

�

.. .. .'

......................

4



I
:2
0

12 - � 0 -' 3 j �' 3 I- 4w - - -. N N - - - -

* � a� r-. r'.. - . * a �
3- -. 3- ". 4' N '. � '.0 3-

- ".3. N N

- �. � 0 * '.0 4' '3 *� - .I*�
.G 0

� N 3- 0 .3� �. -� t* - N -' N - - N - -

'0

....................................

'3 
N 

'\ 
3'. 

� 
N 

'A 
43

0' -, � N "3 0' 0' 43 -. -- N - - - - - N

f. 0' - N ".3 -J '3 '3 3-
U. 4 .13 .3'. � - N � '.0 0' 0'- -. -.3 .33 N - - - -. -

U
'.J '3 N 0 .'. - 0 - 0' -
'3 '3� "'.. C -� d 3 0' - N

-� -� N - - �J 3*

0' � '3 4 -, -, 4 -' 4'

- N � *� .1

-I -J - N
-J - a' � - a' a'a a' Nj� s i... .� 4 0' N 4 '30 N 4

N N

'.0 '0 3- .�'. '3 � * t'. 0 '.0

4' '3 3- N 3- - U 0

0
0' .0 4' N 0 - 4 Q W

- r3 -. a r- � a' 0 - 4'. N

- 0 - '.0 - 4 '0 �

- N 4 '. 4 3 N 3

3- '3 3- - a' 0' 4

L �U
U

it) 4�

). �.3' z � 
- - -

p.r

'.3.

IV

-- V � 
-.-- ---------.----- ..-.--.---. V-.---. *--�-. - ---- '. -- -. - -

.*. * .. . *.



1

-J .�. 9 .9. '0 - i.. -� C .0

-

-

' 

� 
-

e- 
r-

I 
- .�J .3 .!. .0 .t� j .0

U .
5-

0- .9 .0 .� * �- �J .9 .3 .0 .0

z 
.. .. -

0 q � �' '� o� w .4- U. -J 9 0 �' � . . -

- *. 5- 0 J-� 2::: � : :
U

-J 0 .0 r � - .'� *�4I 

r. *� - -. .t5 0 0 - � �

o . - -. - -J -

z
-. .3 .J .4

� 
-. -' -

i- i-i . -
-. .9 .9 *9* .� I.. d� . -� Qf U -j - *9 - *� �*. - '0 'C

1.4

o - 0 3 - - .0 -,9 9 � -� .0

I.. .4 '3 - o a '0 .0 .

- *J-05- � 0. .3 g
- - .4 - -

.0 .9 P. ' � C P. j �

z
' � "4 r- �. a - p. -

-. ' -'4 - - �5 -4 -r- � - J -' - .0 P. -
.9 0' -. � � 9 .9 0 C -l

o - -� .9 ,,I *� - -r
I,
4�.

5.

I'.5. 

.0 .0 0' .- - � � Q -�.0 .0 .0 0. 0. 0. 0. 0. 0 az

hGIaIl.oA....,.a... A.g 4J.dPj

'.5.

.5 . S . . a . -



"DISTRIBUTION LIST OF U';AMRL fi:FORTS

"Project No. 6X9s-25-001 Psychophyiioloqical Studies

% No. of AGENCY - DrFFNSE
Copies

10 Armed Se.rvices T-chnical Inforirat-n Aqen.'y. Arlington Hall Sta. Arlirngton 12. Virginia

AGN'•CY - US AHMY

I A1erdeen Grvin•i Gractd. LS Army Oidrcrice-. Humin L-y.pneerinq Laboratory. AYterce.n Proving
Ground, votryland. At'n- Dr. J..). We'iis. Diretor

I A-`;uantt 1-n,,a. l,-paats.nt o-f the Army. Washin,)ton 25. D. C.. Atn: AC•"L

t Atzv Att.I -. e. Box '9. 'l'e.t Pobt Offic:,,. New York, N. Y.. Atta: Col. Jc•hn C. Cressler.
A,.sst Aimy Attache. tvedkcal)

1 Frocke Army V-,.cai Certer. :, Arry Suriicjl tesearch Unit. l-ibrary. Builcinx 2653.
!tt,•,Houston. Texan

"1 zoke At'v v.Mei'ul Center, 1.-'iOaurters. Airy 'leciLc-I .SeTrvice School. Physical Medicine

!4.ruoch. .'ort Sir Houston. Texos. Attn: Caltuin .Scýc..-l Aiars
F rook,- Ai. A ,y Vvdicl S-rvice Ic•.cJ. •ritcntion Brur!ch. Fort ?arn Rouston. Texa".

Atta: itd- I itit icn Pronch

.1 Pzoke Cer-ril H!o. itil. M.-dical -Lhrury. Box 151. Fort Su.nHouston. Texas. Attn-

I ?z.'i-,, io.n.ne Hospital. 9ronke Army V.-licil] Center. Pn.iioisotoip Clinic. Fort S.m

I Ctxhef C..-vical ffic.-.r, ',.eart.-ýnt uo tlI.e Irmy. tAshirinon 25. D. C.. Attn: 1tXt:.I')1SA

I ;-2ief of Oicdnancz. e ID. i'a.0inqiton 25. D. C.. Attn: Res and Spec Ptoj Sectiun

" I C"-x.. of !!.-.-,zch ::r,. Pt-v.-oire-;tt. .ijf Hurcon Ector.s .reeuch Division. Arev Research
"" 'ic-.~. to,. 2i'- 442. "he P-uta.:,n. [;,rtro.nt of the Ar.y. Wushinkjton 25. L". C.

I C•.ef of ,es.nrth nd l'-•v,-lo;-r.nt, Chief. Life Yeiences :-vision.' Roor 3D-442. The
.i'--nt.hn, "'shisjton 2s. 0. C.

SCi.ef of .es-,:rch aorl r.veIoire.nt. Arey Hesearch Office. %ashinqton 25, D. C..
"Attn: &-'t-riti!ic Infotorition rinch

1 C-.-din. nral. LV.; Army Alaska. Ar4 949, Seottle.%ishinqton. Attn: Surgeon
I Cc: -i r..i i ,nq ( a1. Lo Armry •,urope. Med ic(il l-d- oratory. Depaort mennt of Y.icrckiology.

AiO IA.U33 F orces. Ne- Y.csk. N. Y.
SCv'.7ndinrJ Geteral. .s Aruy FuroF'. 10.-ial Division. Plans and erations Branch.

A.k) 403. Ne- York. N. Y.. Attn: (3ief Surqeon

I C7.irnodinrv General. US Ar•my Ha-aii. AID 957. Sin Francisco. California. Attn: Surqgoon

1 ,-.-ndin; General. US Arry JaIxin. APO 343. Son Fiancisco. California. Attn: Surgeon

1 ' C•cr':ndin2 General. I'S Army Ryukyu. Islands IX Corps. A;ý 331. San Francisco. California.
Attn:e Surgeon

1 Coxcz.:ndii;q GCkneral. Eighth M Army. AF4 301. San Francisco. California. Attn: Surgeon

I (-Q=dixq Ger.-ral. 7th Logistical Comrand. AM) 612. S2n Francisco. Colifnirnia. Attn:
Surgeon

1 Corv-ndinq General. I Corps Group. APO 358. San Francisco. California. Attn: Surge-n
"" I Cc=-rncder in Chief. US Army lbcific. APO 958. San Francisco. California. Attn: Surgeon

i Frtzsi~ons General Hospital. Medical Technical library. Denver 30. Colorado
I ritzsirons General Hospital. US Army Medical Reae-rch and Nutrition l-boratoty. Denver.

•0. Col do
"1 Picatinny Arsenal. Dover. New Jersey. Attn: ORDB.VS3

"2 Quartereaster Rqsearch cnd Engineering. Commanding General, Natick. Massachusetts.
Attn: Technical Library

I QuartterCaster Research and Engineering Field Evaluation Agency. Fort Lee. Virginia.
Attn: Technical Library

"1 Redstone Arsenal. Commander. Redstone Arsenal. Alabama. Atta: CPXVW.HI

So



No. of US ARMY -CONTINUED

CopieK

1 SL)I.qen (..e1l.Durtv.nt of the At-v. Prefessii'ncl Division. Washington 25. 1). C.
Atta: Pychiitry iiid Neuroloqjy Ccm~ultont

I !e--l i.s Irw. Air.,ni.ztiI Pimeonixvill... Penmnsylvania. Attn: P.-dicmz L~ibrary

I A Ll I ioý 14-auvnt fl-n..zol Hocs~it-l. i~Lrary. 171 Pso. Texaws. Attn: '4-d. 1.Thrarian

1 VS Ar~v Air roe.hr.e. Hu;%in nit. rort !,liss. T..sas. Attn: LibTrary

1 U., ,,T Arr;or F-ur,<m Pe.arch Unit. 1'ire.ttar. Fort Knox. Ky.. Attn. Lr;rarian

1 VS ;:- Atnz' 'rnf~inirv lu-,ýru I ws.-arrh I',trt. lnr.-ctat of Resourch. Post C.ffice Pox 208G.

1 (7 Am' v Ci-n.zccl !-*v.--.-h ,d . I,.rator,is. Technical Library. PtAldrnq 330.
Ar ::V t~-i-le'r.t~r * Au yljrna. Attin: L~-ro

2 1,N Azry V.-divai C.-nt-.r. Dxr-ctumr of V.Y,11czI *i.-selzrch OF1.1C. A,.ry (lierical Center. %3ryiand

I U. krzy CL.,nuc-aI (.r..s.b iiiol - tii~rl lahc orau... rort fD;r Ack. M4zzyland. At tin:

.1 17S Ar.V ririnqfield At-soy. ;jrirujfie.d. %bsbachumsetts

En.Ar- zn.-rI -ir4 1-el.irest 1Aoartaries. rrt; Rolvoir. Virginia. Attn:

I SArrv Esivizar tutui Nvqp-n.. Aqu-ncy. ui (,fticer-. Army (11r-ziicl Centc-r. Maryland

I Arurv Hrxpi taI Far, Tee. Vi r~qinto. At tn: M..dtasI Lbrarwr

I t', A--v I.io r.-;n G:rc'u:., ruet ic i . lkiI!ow 4un& laufatori.-s. Ypsilanti. Yicruigan.
-in: ~ ~ ~ ~ :: t- A.Ci '.~ c ton. Kx -uutive (4ffuv.r

I Arý.w Ce2:! J p.nf. '-4.ji~ini .-!n.-rou I late-rjtotv (06) APOI 343. San Francisco.

I ~ ~ ~ ~ ~ 4- rv ,::: . 'uM .. rch ¶!oit. !.Arcry. 11".t (4fice htox 7t17. Presidio of

2 itAr,-v V, i in (ii .ui iiurich. Cffic.. of the Chief Surge-on. Goryas Hospital. Bulboa
('awht. laru 7rýne

3 US A r y Vý i tý:I litch-r und N'hvelu;.r-nt Comt'ird. Cc&-rundinq reneral. Vain Navy Bldg..
'4-- ington 25. Di. C.

1 !IS Arý-y ,.-d icul Ik~zd Cuiji. Ccefurrjdinq Officer. Pawi', .'ield. Fort Clayton. Canal Zone

I V.; A r -y'V.j~ Vrit. ro0z'-rJdiruu OffliC". r.ort fVtLrick. %&,eyland

I. 1 t5 Arr~y Ved iccaI Pes,_ezrv-h Unit. Institute for 'A-dical Research. Kuala Lispir. ;Ituoya

1 Us Arry C n.-Arsenal. 1Vrarkford. Ilhilud.-;hiba V. Penn~sylvania. Attn: CitD2A-1734/6S-1
Yr. A. C4sirles Fair

2 (*S Army Otoysroc- Tank -Auto.Tot iye ro-rrrnd. I'etroit Arsenal. Center Line. N01ehigan

I US. Atvry Vedrinl PR-seach and Dr-veloj 'ent rorwsund. Cffrice of The, Surgeon General. Attna:

1 L,, Arev Stcnd-drdizctionr Senior fleprr-sontative. VS Anry Standardization Group. Conada

c,*o iS Ar..y Att,:chie. I!; 11:L~sy. Otti.'j. fOntario. Chnrdu, Attn: Col Jos3pA R. RlirI

S ITS Ar~ryTrojxr-al Mwsoifrrh Y4-dical Inaoratory. AP0 851. New York. N. Y.

P.1I'S Arm-v Pst-scrch Office. (111). N-Wirtnent of the Army, Washington 25. D. C.. Attn:
-rientific Info. Branch

1 US Ato-'ac Energy Corr~ssion. Division of Biology ard Medicine. Washington 2S. D. C.
Attn: Rotert L.cors~ir

3 Walter Ree~d Ar~y institute of Reseurch. Walter RewsI Army Vedical Center, Director.
Vrashingtcn 12. D. C.

I 'Walter Ree.rd Aru-y Institute of Research. Division of Neuropsychiaitry. Office of the Dir..
Washington 12. 1). C.

I Walter Reed Army Hos-i tolI. Army Audiology arid Sp~ech Center. rarest Glen Section.
Washington 12. D. C.

1 Walter Pr-d Armry !.-diicl rlenter. Carurunding O~fficer. US Army Prosthetics Research
-~~ .. Laoratury. Wzri~hnqtojn 12. 1). r.

I .5 1 jlter Re.ed Army %-dicml (-enter. Z' An-y Me~dical Service. Historical Unit. Washington 12.
F). C..* Attn: ysrx. rsther r. Rohlolder. Ansst (2uiei. Ge-neral Reference and Rexearch Br

_:T7 V



No of
CopI)es AGNY US NAVY'

1 Ilurau of Ae.:nnaut its (AE.14). I`6-pnrtre.nt of the %.-vý. dituhington 25. D- C.
2 1iszuu ot W-icine and Sirpqei. Directo~r -aerch.;so, ll-partrrent of the Navy.

I frul"2u Of !;~vj Weapons (MHAAP.13). fit.. rtlent of th'ý ýZvy,*Wnshinqjton 25. 1). C.. Attn-
(,:vtt 1.1 ton L. Jon..i* 017T) ':.N

2 P~.reclj ot Y~irds and Dlocks. Najortrs.nt of the. Navy. i-:is~r.nton 25. D. C.. Attn: Coce

I Cliivet of Naivul Air Tec~nicvsf Traininq. U'S IPival Air ýEiatiz'n. ' ?S. Ternnessee..5 ~ ~Attn: !'t~iff O.d,~j~fficer
I %-iv',i Air Cr- . ju.4rnt i~rAi!voory, %oval Air Yutr-r=2 C-nter.- Phiiac..l;hia 12. A2.
1 Naurul Ai r ?,-bor v. Tit zini ii. ';t-f f Y..d icail 0If icer. ',v'2 Ai r Sta!i j-n. CI Rv:..w. il1.
1 tva Mdo1fs-gh I nt itv te. Te':lLnz ,3 1 4fer~n-.-k !-Ir 4 .N w aaIiciC

CT~nt.*r. P.-th-o~ac 14. Skiryland
I NýIvvl, %..dii-':f RN rchi fsia cr'irtiy. %xo 100. N'"ai %,-n' mu. l x~ndun. Conn.
I Of! ico of Noava P.s.-ircn, C~t 4S4) I't.e N--vy. 11~ivo~2.I. C.
I ('1 ice of N-ivil 9. s-.ýnrh ((ii 4100 !".partu.mnt o ci 

5
qcalAss is!:,it for 96 ical

'mtAllIiedY.i-' -- s #*:ihin,3ton 25. Fl. C.
10 flffir.. of Nzvaf Vl z~,ry Offic,. Navv 100. i~. 19. 1-1-t Post -ffic4.. !sYcrk.

%-!- York. Attn: V.-rtc~r zi S. Gres.iold.W. Aumi::;trat ivo in. T-c ,*rv,,e Franch
I VF %avwl Air !4.ve.lcj',nIt :`erit.-r. A-ronauticul Ln~.,~zi. lu~ra tory. !>ý.n~svil le. Pa.

I I'S *Naal Air !".eiip..-n.t Contor. Aviatjio V'-diocaI Ac,:-I-rction Llf.oratary. j'ihnsville.
Pen ns y Iva n r. At tn: [Ij ,r u ry

I 1Ni C- I0ivilI Enqin; iirq %.:ýorntoqri. Po'rt Huenvr-.. Fzlifornja. Attn: Code 313
I US %a-.jviI Vearra i cI -uroj syrhiatric P..eorch Unit. Sin ,;a~ 52; Cc]Lfzrnlo
2 IN u~iI 16'isr~ -.tr. Ploint %'uau. Calxforrno. kt-z: T.-chricnl Li-rc-ry
1 US Naval VeatcnI rilSncol. ?:itjonil %val Veeicol Cent. Ceirmn.Iriin,; Ciiic'er. Bethesda 14.

%Piry lund
I VF %aval (Ordzaitc. Test Station. 7be %$-dicaI (fficer ..-- 4- r8); Stati,ýr FOSPVIta. China

Like. CaliforniaUI I'S !N*avul Ticniolevpcal '*fernso laboratory. Coresanair',4 Ifider and 'Pir-CtOr (222). SinFrancisco ?4. California

1 US NaalH-searc-h 1IAIoratoty. Cc-do 2027. 4ash.inqtoat :5. ri. C.
1 1-, Naval School of Aviation Medicine.. Aviation P~sc*.-,;v 1.ohoratory. ',* %*ova] Aviation

Y-4-ical (Centei -54. Pensacola. UI'rida
2 IS Naval Fc-hool of Aviation Voedicine. Diirector of R-is-arch. US Naval Aviation Center 54.

!ensacnla. 1lorida
2 L-. !Naval Traininvq rxvice Center. Hfwumanyfipne-..ring r...crtr-wnt. Code 34. Port IAashingtou.

'Kew York

I US Naval Wepn Plant. Esrperimi-ntal Diving Unit. lk:s-.ioton 25 1). C.

AGENCY - A IR FORCE
I Air rorce Flight Tes~t ("enter. Huricn Fuctors Prunch TTTI) dt.rds Ajir Force Bose.

Californ Ia. Attn- Chief, of Human Fuctors
AIR ML(UIAHCH AND VLCLEIOPMfN4T COM(MAND

I Air tosoarch and Development Commiand. UjS Air Fo)rce. ýIXNAL Andress Air Force Bose.
Was h ngton 25. D. C.

1 Air Research and Developmlent Cormard. Office of Scio-ljfic Research. B~ehavioral Sciences
Division. Washington 25. D. C.

5 Air R..search and Nevelolvent Cowemand. Opecrations CfH:c*. lAurence G. Hlanscom Field.
Bedford, 'Ais"o-chusgytt3. Attn.- MMiH

3 Air Research and Doievelopment. Corwmand. Cippjotional AjzIications Office. (CCM*).
Laurence. G. llanwcua field. Beford. M~assachusetts

1 Air Research and D~evelopmnt Command. Wriqht Air Devplo-srent Center. MS Air ram..
- . Wriqht~f-btterson Air Force Bise. Ohxio. Attza- D. G. Pitts. Vision

6'
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AIR 11D1ARtlf AN-ri PEEI.f"1-UNIT CCV%'VND CCITINUIJ)
1 Wt ight Air Reseurch crii IX-v.-1ctvw-t -,arunc. 0kAHDMS Arosijace %1-air-cl I-ibrory) AL

Wirqht-Patt~rs . Air tcic i-ist .10i

1 Wi,x;ht Air 1V-- o~~~ ~ isjcn. 7Air rorce. A.~rospice Meical1 tivinion. Wiright.
~r~terson Air lirce iise. t ta. Lr: Lt A C ol. Stanley I- flecha

I Wt iqht Air 1~evelopr-~nt ý,ivision. rqý.t -Pt~it-rson Air 1*orce L,ýas Chi a. At I %. WiVRI[#A

2 Aix Truininq C~rnid. Office. of Tý.- rq~oou Gei.aorl -P. P-indulph Air Force Pkis... T.-xas

1 Arctic A..roi edic,31I- Lcr-utcry. APC 731. P-. tt I,.. Warbington. Attn: ILlbrary

1 Assjbtunt for Cround ýifety. 11-S.P. US Air Force. ia~hjngton 25. D_ C_
I En Lt Air Fk'zce fllise. Conain VSP Ar.rv Air 1P-ea-sý tCoirnpnd. Ccoz-io.oo Spring~s.

Coloru~o. At tn: Col ~a-1 SJ. .:ftsw3. W,

1 1ot Air Force ",ne Air llvlopr4-nt Ce&nter. flAi. H.lcran Bcos om 15.
Colorado Si-rituls. Colinozd

1 Human FPrctors lliva Si-)n. i'xr.ctc'x cf 9.-s.--rch and Technology. IN Ar Ir rr-e. Wasn.q

3 U-N.lev !e.d-hC~ntr~r. ~:irIAwruraiuticrs and Spar.* Administt~t;cn. Langley Field.
Virqiuij. Attn: L;.: ar I ar.

1 Haos Air VI .laivent r.-n:..z. Air a-sc nd Dvelajaent Cnpirzr-d. 'I'S Air Force. Griffiss.
Air Force N".. e :r

2. Un 5
.i Foice Avros;.'c. Ye".Lczl G-tler. 'AV. iSA~i.fIX-P) Brooks Air f'orce %ase. Texas

1 Ulý: Air f~oict Hoskital. 7i Aj. 1Fcrc-.A.-rosjm.cr. ~.5-dicul Center jA1Ul. licklinc Air Force

I ItS Air Forre. Strcteqzc Air Ccs:-=a. (SUN) . Cffutt Air Force PNoe. ;..krasku

GO:VKLNVPTAL - AiT?1CIES
A:cr-nn.. !,rtion,sI 1,ii-orntory. 91(>3 Ss.ith Cass Av.-nue. Argoute. Illainoi. Attn: Hoylance

fl. Young
I Ceritrul lnr.-lliqenc-. Ag-rnv. -4.`0 !7. ±Str.et. 5.1. Wshington. D. C.. Attn- 1331. R&S itldrj.
I rivil Aercs.-cical Itest-2rrS institrtr.. red..ral Aviation Agency. Post Cf fice Box 10832.

Oklahoma City. iklr-orta
-. ~~~~ 1 hrory of Coanress. Sc-ience-i and 7~~.yDivis on. Tashirvjton 25. [.C.Attn: Pr_

A. J. jar-obruis
1 Ntion..l Institut" of H.*:lth. IAbrzry..'u Iuld irrq 10. Boom 3N 118. Bethesda 14. M~ar!- Iand.

Attn: Ac-luisitions f4- ct ion

V~ *. Ntiorsil Library of Mecicire. tStzv-..t. & Independence Ave. S.W.. ;3shington 25. D. C.

I %at ion I Inst itutes of Ilea Ith. riv is;ion c-f Res..a rchi Grants. Infor,-at.on Cffice. -Bethesda
14. Mairyland

- 1 Prosthetic and S.-nsorv Aids Servr-e. Chief. Re-search and Developseat Division. Veterans
Adeinistrction. 252 7th Ave.. ';r% York 1. New. York. Attn: Frugene F. Yfurphy. Ph.D.

CUr9fIJ AGLNCIVS

1 Arctic He-alth Research Center. -I.ibrary. Post office Pox 909. Anchorage. Alaska

'-I 1 Pell Tele~phone laboratories. fiurray Hill. New Jersey. Attn: Max S. Schoeffler
I Boeing Airplane Con-pony. Central M~edical Library. Box 11-40. Post Office Box 3707.

Seattle. Washington
1 Boeing Airplane Corpiny. Chief. Spo.e M~edicine Section. Aero-Spacs, Division. Seattle 24..

Wu ling tton. Attn: Dr. Baoney H4. Lowry. (Box 19-29)

1 Boeing Airplane Cori-any. Lihrarty. Wichita Division. Wichita 1. Foninsa
1 Chrysler Corporation. Pox 1118. 17_gireering Research Department 921. Detroit 31. Michiqia..

Attn: John Versoce. FEngr. Puycho~ogist

I Electric Boat Division. Ge-neral pynainics Corp.. Human rectors Section. Grotona. Camen

I~trI Ford Motor Cowipony. Technical Inforwation Section. Scientific Laboratory. Past Of fice
Pau. 2053. Dearhorn. Mlichigan

I Ce..rnral Electric Company. Technical Military Plaxnnig O.peration. Library. 735 Stat
* Street. Sauta Burkara. Califorftia

law



No. of OTh1e. AGENCILS CCNTINUED
Copies

1 CO.-n.ral Electric Co.mpany. Advanced Electronics Center. at Cornell University. Ithooa.
Neb York

I TfW R seirc. Center. Etio-hysics Cioup. Box 219. Yo- wn Heights. New York.. Attn: Dr.
,, •. H. t.;tto!

I ITr I.zoratori-... Hu•a.n Facturs Division. 390 Washin Avenue. N•tley 10. New Jersey."Attn: Sir•rra G Latr. Huxn Factors Analyst

I John Crerar Li-rury. 86 East Rundolph Street. C'hi•go 1. A•Jnois

I .yo Clinic. Section of Biophysics. Rochester. Minnesota, Attn: Dr. Y.s-nneth N. Ogle

1 V.-rcy Hospi itl. Anes hpsii Feqearch l.ihoi-.ztory. Locust and Pride St:eets. Fittsburgh 19.
Penrnsyl vania

I Yctcrolla Incorporated. .ysters Hes.'arch Liboratory. 9330 Indiana A~enue. Riverside.
"" liCtrn.•J., Attn: R.'E. E-reese TecI Info Su*-rvisor

' Na.ional A.-ron'utUcs and S;.:c. Administraticn. 1520 H Stre..t. N. W . lashington 25. D. C..
Attn: ?ert:r.. A. Muicahy. Asst lhrector lor cirul Information

2 Pheer :=litcne Cori-,rction. 1020 North ta Hra. Las Amn;elos 31, California, Attn: Vr.
4. F. F.Ltsch'. fild. -.:.•,'h und L,-vlo;ernt

1 .F,--- T•, ozitory. Suacc.zittee on Noise. 321 South Alvarao Street. Los
An:ei..s .57. .htornia

I Syste-s -,h ;ter, ck.,..-d El.-ctronicýs Corpany. PLanninster. New Jersey. Attn:
• R.. E'. o v.,r, .;'x 31

1 Yerkes Li!or-*,ories of Prirvite PioJl y. Incorporuted. Oronje Park. Florida

.. LIC,.l. CO.IZCGC 'SCIMlCI. LU.RPIES AND DEPAT I.ENTS

1 A'lbany Ve-aicl College Library. N0-. Scotland Avenue. AlLny 8. New York

1 Antioch Cili,-e. Encineering Psy'cholo'y P.F.seu-ch Proa*ct. Yelloo Sprirngs. ChioI -t Carlin
,1 Powcn Cray School of Medirine Lilbzarv. Wirnston-S.•iem. North Carolina

1 Brn*.- Un.versity. 11'sprtir.ht of Psycholoqy. Providence 12. Phode !sl:nd. Attn: Prof.
L. A. Riqa.s

1 Br.nn 'University. rpa.rtment of Psychology. Providence 12. Rhode Island. Attn: Prof.
lro]•c ."': s.herq, Consultant

1 Collr-;e of Vedicil r.v'anqelists. White V,ýrorial Medica-I. Library. 1720 Prooklyn Avenue.
L.s Ar,;eles 33. Colifrinia

1 College of Yedical Evangelists. Vernier Radcliffe Memorial Library. Loa Linda. Caiifornia

1 Cal le-e ý,f Phvsicians of Philadelphia. Library. 19 South 2nd Street. Philadelphia. 3.
• " nsyivnsa

1 Colu='ia Univwrsity. Departrent of Psychology. New York 27. New York. Attn: Dr. C. H.
Graham

I Colurlia University .Vdical Library. 630 West l1Sth Street. New York 32. New York
I Cornell University Medical Colleg- Library. 1300 York Avenue. New York 21. New York

1 Creighton University. Medicaol-Phormacy L.ibrary. 1401 Davenport. Orcha 2. Nebraska
1 E~rory University. IDepcrtnnt of Psychology. Atlanta 22. Georgia. Attn: Dr. E. A. Alluisi
,1 Florid State University. Delirtzent of Psychology. Tallahassee. Florida. Attn: Dr"W. W. Drason

1 Fordha: University. rordlam Road. New York 58'. New York. Attn: R. T. Zeqers. Sr.
2 George Washing ton University. Human Resources Research Office. P. 0. Box 3596,

Washington 1. D.C., Attn: Library
"1 Harvard School of Public Health. I Shattuck Street., Boston 15. Massachusetts. Attn: Dr.Albert Daron

""1 !!Hrvzrd .,-diLnl Lihrory.25 Shattuck Street. Boston 15. Massachusetts. Attn: Library

1 Indiana University. Department of Psychology. Bloomirqton. Indiana. Attn: Prof. R. C.
Dav is

I Indiana Univorsity Medical -Center. School of e4odic.ne Library. 1100 West Michigan Street.
Indianapolis 7. Indiana

1 Indiana University Medical Center. A199 West Michigan Street. Indianapolis 7. Indiana.
Attn: Dr. Harris B Shumocker Jr.. Prof. of Surgery
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%'o. of ME'i::'IcA. (GIA-j.";F S41WC. LNiPAHII-N AND li'fPrAlTYEN.-S

I i~in Ur~r-~ii. A~x!) .xloxv ..-. ,r,-n. I t~r. r4iar'a. Attn: Dr. Sid

I J~f.-f1is~ V-Y-ciczil (kIo- it irtrv. IO?5 1L.21a )tr r.--t A. 1'!-]~~. 1 . F, -T;Airn

I "JIin C Ut 1 S .Y si tV. lxiech V.o( F .~xiy O . Ro.n r--t + t izore 5.

1 Kxnsj.4 Stat- ,a.r.ay ic .l~ v i vxas .'An. . ~r~a.Attn: Dr. i~xllinm

I r:t.tte Y-v.x"'2,I-'-txtoI Lif i-rt.sv 560 '.'rth It7h Str.--t; Ysii rmk.-x Wiscorsin

-I f "I.~-o L.N.a 1; 111a . 71-i K ins.&; !..Erihray, R ic kro'id 1 9 Vi,rpnia

1*n-v:.rsit% . Ccl!,c f.~ ?1:* i n.-z ri nt $-x Ixv: si cw. IS th Av.-ou.-. Ne. York

1 N.. Vrk A,;-ý c-,f Y. l j.. 1...triry 2 E" it IC~ira Str.--t' . *-ik 29' Na-s York
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US ARMY MEDICAL RESEARCH LABORATORY
Fort Krnox, Kentucky

ERRATA

Report No. 488

HABITUATION OF VEST!BULAR NYSTAGMUS IN THE CAT DURING"
SUSTAN_;ED AROUSAL PRODUCED BY d-AMPHETAMINE

By MNijor George H. Crarnpton, MSC

18 August 1961

Page 4, 7.1. line from bottom, should read- The difference between the

gi wups was fouixi to be significant at the . 01 level.

Page 7, Footriote Tihie 1, shu-.ld rc.ad"- 01 ltkvel of s-ignificance.

iss.'ed 26 Feb 1962
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